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^ 0 PROCESS FOR COLORiNG POLYIMER. 



0 A process for coloring polymers, which com- 
prises the steps of: dipping a polymer which swells 
in water or an aqueous solvent mixture or a molding 
of the polymer in a treating fluid comprising an 
aqueous solvent mixture containing a colorant having 
an affinity for the polymer to thereby swell the poly- 
mer and at the same time impregnate the colorant 
into the polymer, and dipping the polymer thus treat- 
ed in water, an aqueous acid solution or an aqueous 
s^lijtinn nf an nxidtzinn anent to fix thfi mlnrant tn 



mold, it is possible to canry out swelling and mold 
release simultaneously. 
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TECHNICAL FIELD 

The present Invention relates to a process for 
coloring a polymer product. The present invention 
also relates to a process for coloring a moided 
article of a polymer product which is partly in 
contact with a mold while releasing the moided 
article from the mold. 

The present invention is preferably applied to 
the coloring of not only a contact lens, particularly 
a soft contact lens, but also to a variety of polymer 
products or molded articles other than contact len- 
ses such as films, membranes, etc.. formed from 
hydrogels. 

TECHNICAL BACKGROUND 

Conventional pr'^-^esses for dyeing hydrogel 
resin articles are described in JP-A-53- 13673 and 
JP-A-53-1 28667. These processes are toth based 
on the premise that a hydrogel resin article is 
brought into a fully swollen state by means of 
water, a solvent which is more capable of swelling 
a hydrogen resin article than water and compatible 
with water, or a mixed solvent of water and said 
solvent. That is. a hydrogel resin article is dyed as 
follows: After a hydrogel resin article Is fully swol- 
len, the hydrogel resin article is infiltrated with a 
water-soluble dye or a leuco or colorless com- 
pound thereof, and subjected to water-insolubiliza- 
tion and color-forming treatments. 

In the processes proposed in the atx>ve two 
Publications, in short, the step of swelling a poly- 
mer product to be dyed, and the step, of infiltrating 
a water-soluble dye or a leuco or colorless com- 
pound thereof into the swollen polymer product are 
isolated from each other as a separate step. For 
this reason, the above processes have had a prob- 
lem in that the infiltration of the dye into the swol- 
len polymer product is liable to be nonunifonm and 
it is difficult to dye a number of polymer products 
in a uniform dyed state. 

The present invention has been made to over- 
come the above problem, ft is a first object of the 
present invention to provide a process for coloring 
a polymer product, according to which a large 
quantity of polymer products can be colored uni- 
formly with a decrease in the number of steps. 

It is a second object of the present invention to 
provide a process for coloring a molded article of a 
polymer product being partly in contact with a 
mold while releasing the molded articles from 
molds, according to which a large quantity of mol- 
ded articles can be colored uniformly with a de- 
crease in the number of steps. 

DISCLOSURE OF THE INVENTION 



The present invention has been made to 
achieve the above objects. The process for color- 
ing a polymer product by which to achieve the first 
object comprises; 
6 a step of immersing a polymer product, which 

is swellable in water or a water-containing mixed 
solvent, in a treating liquid comprising a water- 
containing mixed solvent containing a colorant hav- 
ing affinity to said polymer product thereby to carry 
10 out the swelling of said polymer product and the 
infiltration of the above colorant into said polymer 
product at the same time, and . . 

a step of immersing the above polymer prod- 
uct treated in the above step, in water, an acidic 
75 aqueous solution or an aqueous solution of an 
oxidizing agent thereby to fix the above colorant. 

The process for coloring a molded article by 
which to achieve the second object comprises; 

a step of immersing a molded article being 
20 formed of a polymer product which is swellable in 
water or a water-containing mixed solvent and be- 
ing partly in contact with a mold, in a treating liquid 
comprising a water-containing mixed solvent con- 
taining a colorant having affinity to said molded 
25 article thereby to canry out the releasing of said 
molded article from the mold, the swelling of said 
molded article and the Infiltration of the above 
colorant into said moided article at tne same time, 
and 

30 a step of immersing the above molded article 
treated in the above step, in water, an acidic aque- 
ous solution or an aqueous solution of an oxidizing 
agent thereby to fix the above colorant. 

35 MOST PREFERRED EMBODIMENTS FOR WORK- 
ING THE INVENTION 

In the process for coloring a polymer product, 
provided by the present invention to achieve the 

40 first object, the polymer product to be colored is 
limited to those which can swell in water or a 
water-containing mixed solvent Such polymer pro* 
ducts include products produced from materials 
such as a hydroxyethyl methacrylate (HEMA) poly- 

45 mer, an N-methylpyrrolidone (NVP) polymer, an N- 
vinylpyrrolidone (NVP)-methyl methacrylate (MMA) 
copolymer, an HEMA-MMA-methacrylic acid (MA) 
copolymer, a copolymer composed mainly of 
HEMA and NVP, a glycerol methacrylate-MMA 

50 copolymer, polyvinyl alcohol, polyacrylamide. a 
polyacrylamide derivative, etc. The form of the 
polymer product Is not specially limited. The poly- 
mer product includes those which are amorphous 
such as powders and those which have predeter- 

55 mined forms. In particular, contact lens molded 
articles, are preferred as a polymer product. 

In addition, the polymer product to be colored 
mav be a oolvmer oroducf or a mr)lri«v1 artir.lfl 
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which has been immersed in a sodium hydrogen- 
carbonate aqueous solution, subjected to heat 
treatment and then treated to bring It into an equi- 
librium hydrous state in a physiological saline solu- 
tion or a contact lens preservation liquid (a buffer 
solution of which the pH and osmotic pressure are 
adjusted) (this treatment is referred to as 
"equilibrium hydration treatment" hereinafter), or it 
may be a molded product or a molded article 
which has not been subjected to the equilibrium 
hydration treatment. For example, when the poly- 
mer product is a contact lens, the polymer product 
may be any molded product having a contact lens 
form which is obtained by a method In which raw 
material monomer(s) is (are) directly (co)- 
potymerized in a mold (spin cast method and mold 
cast method), or by a method in which raw material 
monomer(s) is (are) (co)polymeri2ed in any one of 
various polymerization reactors and the resultant 
product is cut and polished. The polymer product 
may also be a dry contact lens which has not yet 
been subjected to any equilibrium hydration treat- 
ment or a hydrous contact lens which has been 
subjected to the equilibrium hydration treatment. 
Further, it may be a colorless and transparent, 
hydrous soft contact lens which is commercially 
available. 

In the process for coloring a polymer product, 
provided by the present invention, first, there Is 
carried out a step In which the above polymer 
product is immersed in a treating liquid comprising 
a water-containing mixed solvent containing a col- 
orant having affinity to the polymer product. As a 
colorant, any colorant may t^e used if it has affinity 
to a polymer product to be colored. Generally 
preferred are solubilized vat dyes such as Red 1, 
Blue 1. 2 or 6, Brown 1, Black 1. etc.. and vat dyes 
such as Blue 1. 3, 4 or 5, Green 1. 3, 13 or 45. 
Orange 3, 5 or 13. etc. The colorant can be prop- 
erly selected depending upon the kind of a poly- 
mer product to be colored and a color to be 
applied to the polymer product. 

The water-containing mixed solvent is prefer- 
ably selected from those which are obtained by 
mixing water with organic solvents: Examples of 
the organic solvents are alcohols such as methanol, 
ethanol. isopropanol, n-butanol. etc.; ketones such 
as acetone, methyl ethyl ketone, etc.; glycols such 
as ethylene glycol, propylene glycol, diethylene 
glycol, triethylene glycol, etc.; or the like. The 
above colorant is added to this water-containing 
mixed solvent, whereby there is obtained a treating 
liquid in which the colorant is homogeneously dis- 
solved in the water-containing mixed solvent. 

The reason for the use of a water-containing 
mixed solvent as a solvent to dissolve the colorant 
is as follows. By increasing the swelling ratio of the 
polymer product, the Dore diameter of the oolvmer 



product is enlarged up to a size suitable for color- 
ing, and the treating liquid in which the colorant is 
dissolved is rapidly infiltrated into the whole of the 
polymer product, whereby the polymer product is 

5 uniformly colored. 

The use of water atone as a solvent has a 
problem in that the treating liquid in which the 
colorant is dissolved is hardly infiltrated due to a 
small swelling ratio of the polymer product and a 

10 small pore diameter of the polymer product. The 
use of an organic solvent alone has a problem in 
that it is difficult to dissolve the colorant up to a 
concentration necessary for the coloring since the 
solubility of the colorant in the organic solvent is 

16 low. 

In the water-containing mixed solvent, the 
water/organic solvent mixing ratio is preferably 
20:80 to 80:20. The reason therefor is that when 
the content of water is greater than this range, the 

20 polymer product sometimes has a small swelling 
ratio and an insufficient pore diameter, and that 
when the content of the organic solvent is greater, 
the solubility of the colorant in the mixed solvent is 
sometimes insufficient. When a vat dye is used, 

25 however, it is preferred to add a reducing agent, 
etc.. to the water-containing mixed solvent in order 
to dissolve the colorant in the water-containing 
mixed solvent uniformly. The reason for adding the 
reducing agent is that since a vat dye is a water- 

30 Insoluble dye, the vat dye is converted to a water- 
soluble leuco compound with the reducing agent. 
As a reducing agent, preferred is. for example, 
hydrosulfite (Na2S204), or the like. 

When the ^^bove polymer product is immersed 

36 in the tre^n|jrtiquid*confiprising a water-containing 
solvent containing a colorant, the polymer product 
is swollen, and the colorant is uniformly Infiltrated 
into the polymer product. 

The water-containing mixed solvent may con- 

40 tain, for example, sodium nitrite, sodium sulfite, 
etc.. in order to proceed with the color-forming 
reaction rapidly. The amount thereof for use is 
preferably 0.5 to 2 % by weight. Further, the water- 
containing mixed solvent may contain, for example, 

45 sodium hydrogencarbonate, potassium hydrogen- 
carbonate, sodium chloride, sodium sulfate, etc.. in 
order to increase the stability of the treating liquid. 
The amount thereof for use is preferably 0.5 to 2 % 
by weight. 

50 In the process for coloring a polymer product, 
provided by the present invention, there is then 
carried out a step in which the swollen polymer 
product obtained in the above step arKi infiltrated 
with the colorant Is immersed In water, an acidic 

55 aqueous solution or an aqueous solution of an 
oxidizing agent. The acidic aqueous solution or the 
aqueous solution of an oxidizing agent used in this 
steo is selected from aniiftniiA j^liitinns rrf ur^taHr^ 



5 



EP 0 480 049 A1 



6 



acid, sulfuric acid, nitric acid, liydrochloric acid, 
hypochlorous acid, boric acid, etc. Wlien the poly- 
mer product is immersed in water, the acidic aque- 
ous solution or the aqueous solution of an oxidizing 
agent, the colorant in the polymer product is fixed 
to give a uniformly colored polymer product. 

When the polymer product is a contact lens, 
the contact lens, which has been subjected to the 
above fixing treatment, is immersed in a sodium 
hydrogencart>onate aqueous solution, heat-treated, 
and brought into an equilibrium hydrous state in a 
physiological saline solution or a contact lens pres- 
ervation liquid (buffer solution of which the pH and 
osmotic pressure are adjusted), whereby there is 
obtained a colored hydrous soft contact lens. 

The process for coloring a molded article, pro- 
vided by the present invention to achieve the sec- 
ond object, will be explair'^d below. The process 
for coloring a molded article, provided by the 
present invention, differs from the above process 
for coloring a polymer product only in that the 
article to be colored is a molded article being 
formed of a polymer product which is swellable in 
water or a water-containing mixed solvent and be- 
ing partly in contact with a mold. Therefore, only 
this difference is detailed, and the explanation of 
the other points is omitted. 

In the process for coloring a molded article, 
provided by the present invention, the article to be 
colored is a molded article formed of a polymer 
product which is swellable in water or the water- 
containing mixed solvent and being partly in con- 
tact (usually in tight contact) witii a mold. Such a 
molded article includes a contact lens material ob- 
tained by a so-called single-sided cast metiiod in 
which a monomer is cast into an open-top cylin- 
drical polymerization reactor (also called a single- 
sided casting mold) and heat- or photopolymerized. 
The resultant contact lens material is in a state in 
which it is tightiy in contact witii the bottom of the 
mold. As this mold, prefened is a mold which has 
a bottom of a cun^ed surface for forming a convex 
or concave surface of a soft contact lens and is 
formed from a plastic material such as polyetiiyl- 
ene. polypropylene, polycarbonate, polysulfone. 
etc. The reason therefor is that the above contact 
lens material obtained by the polymerization can 
be formed into a contact lens by cutting and 
polishing the molded article togetiier witii the mold 
while the molded article is tightiy in contact with 
the bottom of the mold. The mold Is also partially 
cut off due to the cutting and polishing, and the 
molded article having a contact lens form is tightly 
in contact with the bottom of the mold. After the 
cutting and polishing, the molded article having a 
contact lens form and being tightiy in contact with 
the t>ottom of the mold is immersed in tiie treating 

liniiirl «v\mnri«inn a utfatAr-^nntaininn miverl <nh/Ant 



containing a colorant having affinity to said molded 
article, whereby the molded article is swollen and 
the colorant is infiltrated into the molded article, 
and tiie release of the molded article from the mold 

5 occurs. 

Thereafter, similarly to the former process for 
coloring a polymer product, the molded article is 
immersed in water, an acidic aqueous solution or 
an aqueous solution of an oxidizing agent, whereby 

70 the colorant is fixed to give a uniformly colored 
molded article. In addition, after the fixing treat- 
ment, the molded article having a contact lens form 
is consecutively immersed in an aqueous sodium 
hydrogencarbonate solution, heat-treated and im- 

76 mersed in a physiological saline solution or a con- 
tact lens preservation liquid to give a colored hy- 
drous soft contact lens, which procedure and result 
are the same as those in the above process for 
coloring a polymer product. 

20 According to the process for coloring a poly- 

mer product and the process for coloring a molded 
article, provided by the present invention, swelling 
a polymer product or a molded article and infiltrat- 
ing a colorant into the polymer product or the 

25 molded article are canied out at tiie same time as 
specified above. Therefore, not only the procedure 
is simplified as compared with the afore-described 
processes of prior arts in which they ar<^> carried 
out separately, but also there is produced a re- 
do markable effect that a colorant is uniformly infil- 
trated into the polymer product or the molded 
article. Therefore, a number of polymer products 
and molded articles can be colored in a uniform 
colored state with a decrease in the number of 

35 steps, and the present invention has great industi-ial 
significance. 

The present invention will be furtiier detailed 
by reference to Examples. 

40 Example 1 

A commercially available, colorless and trans- 
parent soft contact lens formed from hydroxyethyl 
methacrylate (HEMA) as a main monomer compo- 

45 nent (trade name: HOYA SOFT) was immersed in a 
treating liquid containing a colorant and a water- 
containing mixed solvent (consisting of 0.03 part by 
weight of solubilized vat dye Blue 6, 50 parts by 
weight of distilled water. 50 parts by weight of 

50 reagent special-grade ethanol, 0.5 part by weight of 
reagent special-grade sodium hydrogencart)onate 
and 0.5 part by weight of reagent special-grade 
sodium sulfite) for 75 minutes to swell the soft 
contact lens and, at the same time, to infiltrate the 

55 colorant into the soft contact lens. At this stage, the 
soft contact lens was colored yellow or yellowish 
brown. 

Thon fho r^lnranf wa« fivoH hv immArcinn fho 
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soft contact tens in an aqueous solution containing 
1 % by weight of sulfuric acid to give a blue- 
colored soft contact lens. 

The colored contact lens was immersed in an 
aqueous solution containing 1 % by weight of 
sodium hydrogencarbonate for 75 minutes, and 
then the aqueous solution containing 1 % by 
weight of sodium hydrogencarbonate was replaced 
with a fresh aqueous solution containing 1 % by 
weight of sodium hydrogencarbonate to immerse 
the colored soft contact lens in the new aqueous 
solution for 75 minutes. The colored contact was 
taken out of the aqueous solution containing 1 % 
by weight of sodium hydrogencarbonate, and trans- 
ferred into a fresh aqueous solution containing 1 % 
by weight of sodium hydrogencarbonate. The col- 
ored contact lens was heated therein at 80 * C for 
90 minutes, and heated in a physiological saline 
solution at 80* C for 90 minutes twice to give a 
blue-colored hydrous soft contact lens. 

The above-obtained colored hydrous soft con- 
tact lens was sectioned, and its cross section was 
optically magnified and observed with an optical 
microscope to show the coloring of the soft contact 
lens deep into its central portion uniformly and no 
change in the lens form. 

Comparative Example 1 

Commercially available contact lens formed 
from HEMA as a main monomer component (trade 
name: HOYA SOFT) was immersed in a mixed 
solvent containing 50 parts by weight of distilled 
water and 50 parts by weight of ethanol for 75 
minutes to swell the soft contact lens. Thereafter, 
the soft contact lens was immersed in a coloring 
liquid containing 0.03 part by weight of a sotubiliz- 
ed vat dye Blue 6 and 100 parts by weight of 
distilled water for 75 minutes. An excess amount of 
the colorant adhering to the lens surface was 
washed away with distilled water, and the contact 
lens was immersed in a solution consisting of an 
aqueous solution containing 0.5 % by weight of 
sodium nitrite and an aqueous solution containing 1 
% by weight of sulfuric acid, and then treated in an 
aqueous solution containing 1 % by weight of 
sodium hydrogencartx)nate. Thereafter, the contact 
lens was treated in the same manner as in Exam- 
ple 1 to give a blue-colored hydrous soft contact 
lens. In this process, the contact lens was colored, 
but when the contact lens was washed with distilled 
water, the removal of the colorant by washing was 
nonuniform, and the contact lens showed no stabil- 
ity in the final color density. Further, when the 
contact lens was washed by immersing it in dis- 
tilled water for a predetermined period of time, the 
diffusion of the colorant occun-ed from the interior 



Example 2 

99.8 Parts by weight of HEMA, 0.2 part by 
weight of ethylene glycol dimethacryiate (to be 

5 abbreviated as EGDMA hereinafter) and 0.2 part by 
weight, per 100 parts by weight of the monomer 
mixed solution in total, of 2,2*-azobis-(2,4-dimethyl- 
valeronitrile) (to be abbreviated as V-65 hereinafter) 
as a polymerization initiator were mixed, and mutu- 

10 ally dissolved. Then, this mixture solution was cast 
into a mold, and the mold was closed and kept in a 
hot air-circulating dryer at 40* C for 25 hours. And, 
the temperature in the hot air circulating dryer was 
increased up to 45* C over 15 hours, increased 

75 from 45* C to 60* C over 10 hours, increased 
from 60* C to 80* C over 8 hours, and increased 
from 80* C to 100* C over 4 hours, and the mold 
was kept at 100* C for 8 hours to finish the 
polymerization. Then, the temperature was reduced 

20 to room temperature, and the resultant copolymer 
was taken out of the mokl. The resultant colorless 
transparent rigid polymer was cut and polished by 
an ordinary processing technique to shape the 
copolymer into a contact lens form. 

25 Then, this lens in a rigid state was immersed In 
the same treating liquid as that used in Example 1 
for 75 minutes to swell the lens and at the same 
time to infiltrate the colorant into the lens. At this 
stage, the lens was cotored yellow or yellowish 

30 brown. 

The above lens was Immersed in an aqueous 
solution containing 1 % by weight of sulfuric acid 
for 75 minutes. The lens was shrunk from the 
swelling state Jo show a blue coloring. 

35 The above. colored lens was Immersed in an 
aqueous solution containing 1 % by weight of 
sodium hydrogencarbonate for 75 minutes, and the 
aqueous solution containing 1 % by weight of 
sodium hydrogencariDonate was replaced with a 

40 fresh aqueous solution containing 1 % by weight of 
sodium hydrogencarbonate to immerse the colored 
lens in the fresh aqueous solution for 75 minutes. 
In this state, the lens was in a swollen state nearly 
equivalent to the swollen state of a hydrous soft 

45 contact lens according to the final product stan- 
dard, and the lens had strength sufficient to handle 
it with a pair of tweezers (or pincette) or by fingers. 
The colored contact lens was taken out of the 
sodium hydrogencarbonate aqueous solution, and 

50 transferred into a fresh aqueous solution containing 
1 % by weight of sodium hydrogencarbonate, heat- 
ed at 80* C for 90 minutes, and it was further 
heated in a physiotogical saline solution at 80* C 
for 90 minutes twice to give a blue-colored hydrous 

55 soft contact lens. 

When this colored hydrous soft contact lens 
was heated in boiling water for 100 hours, no 

/^hanna in r^lrsrinr* r\^r-frrAA PiirtKAr H<kSc 
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tact lens passed the elution test based on the 
contact lens acceptance standard published by 
Ministry of Health and Welfare. 

The above colored soft contact lens was sec- 
tioned, and its cross section was optically mag- 
nified and observed with an optical microscope to 
show that the soft contact lens was uniformly col- 
ored deep into its central portion without uneven- 
ness. 

Comparative Example 2 

The same monomer mixed solution as that 
used in Example 2 was polymerized in the same 
manner as in Example 2, and the resultant 
copolymer was cut and polished in the same man- 
ner as in Example 2 to shape it into a contact lens 
form. Then, the resultant lens w-^s immersed in a 
mixed solvent containing 50 parts by weight of 
distilled water and 50 parts by weight of ethanol for 
75 minutes to swell it. Then, the lens was im- 
mersed in a coloring solution containing 0.03 part 
by weight of a solubllized vat dye Blue 6 and 100 
parts by weight of distilled water for 75 minutes. An 
excess amount of the colorant adhering to the lens 
surface was washed away with distilled water, and 
the contact lens was immersed in a solution con- 
sisting of an aqueous solution containing 0.5 % by 
weight of sodium sulfite and an aqueous solution 
containing 1 % by weight of sulfuric acid, and 
treated in an aqueous solution containing 1 % by 
weight of sodium hydrogencarbonate. Thereafter, 
the contact lens was treated in the same manner 
as in Example 2 to give a blue-colored hydrous 
soft contact lens. In this process, the contact lens 
was colored, but when the contact lens was 
washed with distilled water, the removal of the 
colorant by washing was nonuniform, and the con- 
tact lens showed no stability in the final color 
density. Further, when the contact lens was washed 
by immersing it in distilled water for a predeter- 
mined period of time, the diffusion of the colorant 
occurred from the interior of the contact lens. 

Example 3 

A soft contact lens material formed from HEMA 
as a main monomer component which had been 
obtained by the polymerization in an open-top cy- 
lindrical polymerization container (single-sided 
casting mold) having a bottom with a curvature 
corresponding to a base curve (inner surface 
curve) of the contact lens and being formed from a 
plastic material, was cut and polished in the front 
curve (outer surface curve) while it was tightly in 
contact with the single-sided casting mold, where- 
by there was obtained a contact lens of which the 



the single-Sided casting mold. Then, the single- 
sided casting mold with tiie contact lens tightly in 
contact with it was plac^d in a beaker, and the 
same treating liquid as tiiat used in Example 1 was 

5 poured in the beaker. The single-sided casting 
mold was immersed in the treating liquid for 75 
minutes to release the contact lens from the single- 
sided casting mold and at the same time to carry 
out the swelling of the lens and the infiltration of 

70 the colorant into the lens. The contact lens re- 
leased from tiie single-sided casting mold was col- 
ored yellow or yellowish brown. The atx)ve treating 
liquid was discharged from the beaker. An aqueous 
solution containing 1 % by weight of sulfuric acid 

75 was newly poured into the beaker, and the contact 
lens was immersed therein for 75 minutes. The 
contact lens was shrunk from its swollen state to 
show the coloring of blue. Then, the aqueous solu- 
tion containing 1 % by weight of sulfuric acid was 

20 discharged, and an aqueous solution containing 1 
% by weight of sodium hydrogencart>onate was 
poured in the beaker, in which the contact lens was 
immersed for 75 minutes. Thereafter, this solution 
was replaced with a fresh aqueous solution contain- 

25 ing 1 % by weight of sodium hydrogencarbonate. 
and the contact lens was immersed in this sodium 
hydrogencarbonate aqueous solution for 75 min- 
utes. In this state, tiie contact lens was in a swohon 
state nearly equivalent to the final product stan- 

30 dard, and the lens had strength sufficient to handle 
it with a pair of tweezers or by fingers. The solution 
had weak alkalinity of pH of 7 to 8. and the aque- 
ous solution containing 1 % by weight of sulfuric 
acid was neutralized. The lens was taken out of the 

35 beaker, and transferred into a fresh aqueous solu- 
tion containing 1 % by weight of sodium hydrogen- 
carbonate. The lens was heated at 80* C for 90 
minutes, and then heated in a physiological saline 
solution at 80* C for 90 minutes twice to give a 

40 blue-colored hydrous contact lens. 

When this colored hydrous soft contact lens 
was heated in boiling water for 100 hours, no 
change in coloring occun-ed. Further, this soft con- 
tact lens passed the elution test based on the 

45 contact lens acceptance standard published by 
Ministry of Health and Welfare. 

The above colored soft contact lens was sec- 
tioned, and its cross section was optically mag- 
nified and observed with an optical microscope to 

50 show that the soft contact lens was uniformly col- 
ored deep Into Its central portion without uneven- 
ness. 

This Example has shown that the release of the 
tens from the mold and the infiltration of the col- 
55 orant take place at the same time, and the lens is 
uniformly colored, since the lens is in a state in 
which it is released from the mold and swollen, and 

♦Ho r'rklrtrant ic Krrkii/^hfr an eniiiliKriiim ctatA in 
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which it is infiltrated deep into the lens central 
portion. 

Example 4 

A colored soft contact lens was prepared in the 
same manner as in Example 3 except that a polish- 
ing material remained adhering to the contact lens 
surface after the cutting and polishing of the front 
curve (outer surface curve). Portions of the lens 
surface to which the polishing material was adher- 
ing did not show any nonuniformlty in the coloring. 
This Example has shown that the colorant infiltrates 
into the lens concurrently with the swelling of the 
lens, nonuniformlty in the coloring due to a foreign 
matter adhering to the lens surface is not caused. 

Example 5 

A soft contact lens material formed from N- 
vinylpyrrolidone (NVP) as a main component and 
obtained by the polymerization in a single-sided 
casting mold was cut and polished in the front 
curve while it was tightly in contact with the single- 
sided casting mold to give a contact lens of which 
the base curve was tightly in contact with the 
bottom of the single-sided casting mold. The 
single-sided casting mold with the contact tens 
tightly in contact with it was placed in a beaker. 
Then a treating liquid containing a colorant and 
water-containing mixed solvent (consisting of 0.06 
part by weight of a soiubilized vat dye Red 1, 40 
parts by weight of distilled water. 60 parts by 
weight of reagent special-grade isopropanol and 
0.5 part by weight of reagent special-grade potas- 
sium hydrogencarbonate) was poured in the beak- 
er, in which the single-sided casting mold with the 
contact lens was immersed for 60 minutes, where- 
by the contact lens was released from the single- 
sided casting moid and at the same time, the 
swelling of the lens and the infiltration of the col- 
orant into the lens were completed. The above 
treating liquid was discharged from the beaker, and 
an aqueous solution containing 5 % by weight of 
acetic acid was newly poured to immerse the con- 
tact lens therein for 75 minutes. The contact lens 
was shrunk from the swelling state to show the 
coloring of red. Then, the above solution was re- 
placed with an aqueous solution containing 1 % by 
weight of sodium hydrogencart>onate, and the con- 
tact lens was Immersed therein for 75 minutes. The 
lens was taken out of the beaker, transferred into a 
fresh aqueous solution containing 1 % by weight of 
sodium hydrogencarbonate, and heated at 80* C 
for 90 minutes. Further, the lens was heated in a 
physiological saline solution at 80* C for 90 min- 
utes twice to give a red-colored soft contact lens. 
The colored state thereof was as exr^ellent siSi ihsii 



in Example 3. 
Example 6 

5 A soft contact lens material obtained by the 

polymerization in a single-sided casting mold and 
formed mainly from N-vinylpyrrolldone (NVP), 
methyl methacrylate (MMA) and ethylene glycol 
dimethacrylate (EGDMA), was cut and polished in 

10 the front curve while it was tightly in contact with 
the single-sided casting mold to give a contact lens 
of which the base curve was tightly in contact with 
the bottom of the single-sided casting mold. The 
single-sided casting mold with the contact lens 

75 tightly in contact with it was placed in a beaker. 
Then a treating liquid containing a colorant and 
water-containing mixed solvent (consisting of 0.06 
part by weight of a soiubilized vat dye Green 1, 20 
parts by weight of distilled water. 80 parts by 

20 weight of reagent special-grade acetone, 0.5 part 
by weight of reagent special-grade sodium nitrite 
and 0.5 part by weight of reagent special-grade 
sodium hydrogencarbonate ) was poured in the 
beaker, in which the single-sided casting mold with 

25 the contact lens was immersed for 90 minutes, 
whereby the contact lens was released from the 
single-sided casting mold and at the same time, 
the swelling of the lens and the infiltration of the 
colorant into the lens were completed. The above 

30 treating liquid was discharged from the beaker, and 
an aqueous solution containing 1 % by weight of 
nitric acid was newly poured to immerse the con- 
tact lens therein for 90 minutes. The contact lens 
was shrunk from the swelling state to show the 

35 coloring of green. Then, the above solution was 
replaced with an aqueous solution containing 1 % 
by weight of sodium hydrogencarbonate, and the 
contact lens was immersed therein for 90 minutes. 
The lens was taken out of the beaker, transfenred 

40 into a fresh aqueous solution containing 1 % by 
weight of sodium hydrogencarbonate, and heated 
at 80' C for 90 minutes. Further, the lens was 
heated in a physiological saline solution at 80* C 
for 90 minutes twice to give a green-colored soft 

45 contact lens. The colored state thereof was as 
excellent as that in Example 3. 

Example 7 



50 A soft contact lens material formed from 
hydroxyethyl methacrylate (HEMA) as a main com- 
ponent and obtained by the polymerization in a 
single-sided casting mold was cut and polished in 
the front curve while it was tightly In contact with 

55 the single-sided casting mold to give a contact lens 
of which the base curve was tightly in contact with 
the bottom of the single-sided casting mold. The 

!;innlA-5%iriAri r^.^inn mnlrl with thA mnfa/*t 
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tightly in contact with it was placed in a beaker. 
Then a treating liquid containing a colorant and 
water-containing mixed solvent (consisting of 0.03 
part by weight of a solubilized vat dye Black 1. 50 
parts by weight of distilled water, 50 parts by 
weight of reagent special-grade ethyl alcohol. 0.5 
part by weight of reagent special-grade sodiun) 
nitrite and 0.5 part by weight of reagent special- 
grade potassium hydrogencarbonate) was poured 
in the beaker, in which the single-sided casting 
mold with the contact lens was immersed for 90 
minutes, whereby the contact lens was released 
from the single-sided casting mold and at the same 
time, the swelling of the lens and the infiltration off 
the colorant into the lens were completed. The 
above treating liquid was discharged from the 
beaker, and the above solution was replaced with a 
fresh aqueous solution containing 0.1 % by weight 
of hypochlorous acid to immerse the contact lens 
therein for 60 minutes. The lens was taken out of 
the beaker, transferred into a fresh aqueous solu- 
tion containing 1 % by weight of sodium hydrogen- 
carbonate and heated at 80* C for 90 minutes. 
Further, the lens was heated in a physiological 
saline solution at 80* C for 90 minutes twice to 
give a black-colored soft contact lens. The colored 
state thereof was as excellent as that in Example 3. 

As specified above, according to the present 
invention, polymer products or molded articles can 
be colored uniformly and in a large quantity. Fur- 
ther, since the number of the production steps can 
be decreased, the production efficiency can be 
improved remarkably. In particular, the present in- 
vention is very useful for coloring soft contact len- 
ses obtained by a single-sided casting nnethod. 

Claims 

1. A process for coloring a polymer product 
which comprises; 

a step of immersing a polymer product 
which is swellable in water or a water-contain- 
ing mixed solvent, in a treating liquid compris- 
ing a water-containing mixed solvent contain- 
ing a colorant having affinity to said polymer 
product thereby to carry out the swelling of 
said polymer product and the infiltration of the 
above colorant into said polymer product at the 
same time, and 

a step of immersing the at>ove polymer 
product treated in the at)ove step, in water, an 
acidic aqueous solution or an aqueous solution 
of an oxidizing agent thereby to fix the above 
colorant. 

2. A process according to claim 1, wherein the 
polymer product is formed from a material 



hydroxyethyl methacrylate (HEMA) polymer, 
an N-methylpyrrolidone (NMP) polymer, an N- 
vinylpyrrolidone (NVP)-methyl methacrylate 
(MMA) copolymer, an HEMA-MMA-methacrylic 
5 acid (MA) copolymer, a copolymer formed 

from HEMA and NVP as a main component, a 
glycerol methacrylate-MMA copolymer, poly- 
vinyl alcohol, polyacrylamkle and 
polyacrylamide derivative. 

70 

3i A process according to claim 1 or 2. wherein 
the polymer product is a contact lens molded 
article. 

75 4. A process according to claim 1, wherein the 
water-containing mixed solvent is a mixture of 
water with at least one organic solvent selected 
from the group consisting of alcohols, ketones 
and glycols. 

20 

5. A process according to claim 1. wherein the 
colorant is a solubilized vat dye or a vat dye. 

6. A process according to claim 1, wherein the 
25 acidic aqueous solution or the aqueous solu- 
tion of an oxidizing agent is an aqueous solu- 
tion of a compound selected from acetic acid, 
sulfuric acid, nitric acid, hydrochloric acid, hy- 
pochlorous acid and boric acid. 

30 

7. A colored polymer product obtained by the 
process for coloring a polymer product, recited 
in any one of claims 1 to 6. 

35 8. A process for coloring a molded article which 
comprises; 

a step of immersing a molded article being 
formed of a polymer product which is swel- 
lable in water or a water-containing mixed sol- 

40 vent and being partly in contact with a mold, in 

a treating liquid comprising a water-containing 
mixed solvent containing a colorant having af- 
finity to said molded article thereby to carry 
out the releasing of said molded article from 

45 the mold, the swelling of said molded article 
and the infiltration of the above colorant into 
said molded article at the same time, and 

a step of immersing the above molded 
article treated in the a!)ove step, in water, an 

50 acidic aqueous solution or an aqueous solution 
of an oxidizing agent thereby to fix the at)ove 
colorant 

9. A process according to claim 8, wherein the 
55 molded article is formed from material selected 

from the group consisting of a hydroxyethyl 
methacrylate (HEMA) polymer, an N-methyl- 
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rolidone (NVP)-methyl methacrylate (MMA) 
copolymer, an HEMA-MMA-methacrylic acid 
(MA) copolymer, a copolymer formed from 
HEMA and NVP as a main component, a glyc- 
erol methacrylate-MMA copolymer, polyvinyl 5 
alcohol, polyacryiamide and polyacrylamlde 
derivative. 

10. A process according to claim 8 or 9, wherein 

the molded article is a contact lens molded io 
article. 

11. A process according to claim 8. wherein the 
water-containing mixed solvent is a mixture of 
water with at least one organic solvent selected 75 
from the group consisting of alcohols, ketones 

and glycols. 

12. A process according to claim 8, wherein the 
colorant is a solubilized vat dye or a vat dye. 20 

13. A process according to claim 8, wherein the 
acidic aqueous solution or the aqueous solu- 
tion of an oxidizing agent is an aqueous solu- 
tion of a compound selected from acetic acid, 25 
sulfuric acid, nitric acid, hydrochloric acid, hy- 
pochlorous acid and boric acid. 

14. A colored molded article obtained by the pro- 
cess for coloring a molded article, recited in 30 
any one of claims 8 to 1 3. 
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